In the present research work, the thorough experimental and theoretical investigation is made on the crystal compound; Bis (thiourea) Cadmium Bromide (BTCB) by recording FT-IR, FT-Raman and UV Visible spectra. The computational calculations are carried out by HF, CAM-B3LYP, DFT (B3LYP and B3PW91) and LSDA methods with 3-21 G (d, p) basis sets and the corresponding results were tabulated. The compound belongs to orthorhombic crystal class with space group of Pn2 1 a and point group of symmetry C 2v . The NLO properties have been studied by calculating average Polarizability and diagonal hyperpolarizability. The physical and chemical properties of the coordination complex due to the Vander Waals link are found to be enriched. The thermodynamical parameters of TGA and DSC are compared with calculated values obtained from NIST thermodynamical program. The variation of specific heat capacity, entropy and enthalpy with respect to different temperature are displayed in the graph and are discussed.
Introduction
Now a day, the production of NLO crystal materials using organic compounds with the addition of metal oxides has much attention due to its tremendous electronic and optical applications. Generally, the crystals made up of organic amine derivatives have rich NLO properties. The high symmetry organic amine derivatives; Thiourea has high NLO coefficients with stable physical and chemical properties. Generally, the metal oxide materials are able to have rich semiconducting properties and optical activities. When such metal oxides are coupled with thiourea, the physiochemical, electrical and optical properties are enriched. Due to the symmetrical presence of S and N donors in thiourea, the metal oxides are connected through coordinate covalent bonds strongly. It is a new attempt to fabricate metal organic compound; Bis(thiourea) Cadmium Bromide (BTCB). After careful screening the literature, it is found that no quantum chemical computational work has been made on Bis (thiourea) Cadmium Bromide (BTCB) so far. In this present work, the structural properties, vibrational study, frontier molecular analysis, NMR, UV-Visible spectral investigations have been carried out. The electrical, optical and chemical parameters have been calculated by using HF, CAM, DFT and LSDA method with 3-21 G (d, p) basis set. The optical activity and NLO property analysis have been performed using appropriate quantum computational tools. Other industrial uses of thiourea include the production of flame retardant resins and vulcanization accelerators. Thiourea is used as an auxiliary agent in light-sensitive photocopy paper and almost all other types of copy paper.
Specification on Recording of Spectra
• The FT-IR and FT-Raman spectra are recorded in Bruker IFS 66V spectrometer in the range of 4000-100 cm −1 with the spectral resolution is ± 2 cm -1 .
• The Thermo Gravimetric Analysis (TGA) and Differential Thermal Analysis (DTA) curves for BTCB are obtained using Simultaneous Thermo gravimetric Analyzer (STA) 409C (NETZSCH) at a heating rate of 10°C/min in nitrogen.
The 1 H and 13 C NMR isotropic chemical shifts are calculated (Gas, DMSO, Chloroform and CCl 4 ) by the GIAO method with IEFPCM model [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] using B3LYP/6-311++G (d, p) level. The electronic properties; HOMO-LUMO energies, absorption wavelengths and oscillator strengths are calculated using B3LYP method of the timedependent DFT (TD-DFT) [19] [20] [21] , basing on the optimized structure in gas phase and solvent [DMSO, Chloroform and CCl 4 ] mixed phase. Thermodynamic properties have been calculated from 100-1000°C in gas phase using B3LYP/6-311++G (d, p) method. Moreover, the dipole moment, nonlinear optical (NLO) properties, linear polarizabilities and first order hyperpolarizabilities and chemical hardness have also been studied.
Results and Discussion

Molecular geometry deformational analysis
From the crystal studies, it is observed that, the BTCB belongs to orthorhombic crystal class with space group of Pn2 1 a and point group of symmetry C 2v . The compound possesses the symmetrical geometry in which Cd ion is at the tetrahedral coordination site with two Br 2 atoms and two NH 2 atoms at its top end. This gives rise to a three dimensional bonding network. All thiourea molecules are planar and are equidistant from the central cadmium atom. This structure gives a polymeric character to BTCB molecule with asymmetric units contributing additively to the effective nonlinearity. The molecular structure is optimized by Berny's optimization algorithm using Gauss view program and is shown in Figure 3 . The comparative optimized structural parameters such as bond length, bond angle and dihedral angle are presented in Table 2 . The present compound contains cadmium metal atom, bromide atoms and four amino groups. Since the existence of coordinate covalent bond between organic element and metal, molecular structure belongs to multiple planes with respect to Cadmium bromide. The thiourea on both sides are somewhat tilted in order to sustain their equal distribution of charges of Br and H. Since the present compound is composed of metal atom and organic complex, the entire atoms are connected by covalent and co-ordination covalent bonds. Particularly, cadmium metal atom is connected with couple of thiourea by Vander walls bonds. The metal ions acted as a bridge for both thiourea. Normally, the metal ions make dative bond with organic atoms to form organo-metallic compound due to which the considerable amount of energy is released and make a crystal very strong.
In the experimental method, the bond lengths of C-S and C-N vibrations are 1.720 and 1.340 Å whereas in the calculation method, the corresponding bond lengths are 1.778 and 1.346 Å respectively. The internuclear distance of N5-H6=N14-H15 is 0.018 Å and this value is greater than that of N5-H7=N14-H16. This variation exists due to the attraction of Br and H atoms. Moreover, in this compound, both the amino groups are coupled with carbon atom in symmetrical manner. However, the bond distance of C-N is differed by 0.017 Å. This difference occurs between them is due to the attraction of H by Br. There exists a double bond between C and S atoms usually, but only one bond exists due to 2 lone pair of electrons which are transferred from the ligand (S) to the metal (Cd). The calculated bond length of Cd-S is 2.703 Å and this peculiar bond is called coordination covalent bond which has very high bond length when compared with others. It is concluded that from these calculated parameters, this organo-metallic compound is very strong due to the existence of complex bonds.
The coordination covalent bond is an anisotropic bond which is altered at any instant due to the relative orientation of the molecules. The induction and dispersion interactions are always attractive, irrespective of the orientation of the molecules, but the electrostatic interaction between the metal and organic atoms changes sign with respect to the charges of the atom. Thus, the electrostatic force of attraction depending on the charges of the molecule has restricted the bond length which is existed between the metal and organic atoms. Such a force of attraction between metal and organic atom also affect the surrounding atoms of opposite signs. The highly electronegative bromine atoms are attracted much more by the highly positive cadmium atoms.
Mulliken charge analysis:
The Mulliken charge is used to understand the charge distribution on the chemical bonding because it facilitates positive and negative regions in the molecular space, at which the protons and electrons concentrate. Thus chemically significant regions; bonds can be identified; also gives the narration of the mechanism of electrophilic and nucleophilic substitutions. Normally, the charges are distributed evenly over the molecule which leads to be neutral. Whenever the substitutions are added to the molecule, the charge distribution is completely altered with respect to the substitution. Here, the negative charges are accumulated over the N atoms in thiourea even after the cadmium bromide is added. When the highly electronegative bromine atoms are coupled with positive cadmium atom, the high degree of Br-Cd-Br dipoles are formed. The remaining C and H of the molecule have positive space. Since the addition of Cd-Br have been occurred in thiourea, the sulphur atoms become low order negative that is almost neutral. The Mulliken charges of each atom are presented in Table 3 . Thus the entire charge levels of the molecule are altered on par with due to the substitution. Simultaneously, the chemical property has also changed for the same. The Mulliken charge analysis diagram is displayed in the Figure 4 .
Vibrational assignments
The BTCB molecule has 19 atoms and 51 normal vibrational modes. The molecule possesses C 2V point group symmetry, which shows that all vibrational modes of BTCB molecule are both infrared (IR) and Raman active. In HF and DFT calculations, the calculated vibrational frequencies were scaled by scaling factors. The different calculated vibrational modes were scaled by different scaling factors for better agreement with the experimental values. On the basis of C 2V symmetry, the 51 fundamental vibrations of the molecule can be distributed as Tables 2 and 4 respectively. In this, the calculated frequencies are compared with the experimental values and this work reveals the over estimation of the calculated vibrational modes due to the neglect of a harmonicity and change of state of real system Table 5 . Also, these computational calculations are carried out for frequency analysis to get the spectroscopic indication of the BTCB.
Amino group vibrations:
The molecule is populated with couple of thiourea which contains bi NH 2 groups. Generally, the amino group is a dominated ligand and make the impression strong in the vibrational pattern. As there are eight N-H bonds, eight vibrational bands of stretching modes are possible. Normally, the primary amines are recognized by strong absorption peaks in the regions of 3450-3100 cm −1 and 3100-3300 cm −1 due to the asymmetric and symmetric N-H stretching respectively [13, 14] . Also the NH 2 + asymmetric and symmetric deformation wave numbers are expected to fall in the regions 1660-1610 cm −1 and 1550-1485 cm −1 respectively [15, 16] . Also the observed N-H stretching frequencies are found at 3350, 3345, 3320, 3300, 3295, 3290, 3250 and 3245 cm −1 . Out of these, the first three bands are assigned to asymmetric vibrations and the rest five bands are assigned to symmetric vibrations. Apart from these assignments, the last two vibrational bands are found to be moved down from the expected region. Due to the dominating character of the NH group, all the stretching vibrations should be observed within the expected region. But this is not so in this case. This is mainly due to the presence of sulphur with chain. The presence of N-H in plane bending vibrations (scissoring) are usually observed in the region 1610-1630 cm -1 , rocking vibrations are assigned in the range 1100-1200 cm -1 and the out of plane bending (wagging and twisting) vibrations are normally identified under the region 1150-900 cm -1 [17] [18] [19] . In the present compound, the in-plane deformation vibrations are observed at 1610, 1600, 1590, 1565, 1540, 1490, 1470, 1450 and 1420 cm -1 . The first two bands are moved up to the higher region and it is cleared that these vibrations are favoured and not affected by the sulphur. The out of plane bending vibrations are observed at 990, 860, 720, 690, 650, 600, 560 and 510 cm −1 . Normally, whenever the metal atom coupled with the organic molecule, those normal vibrational modes of the same are suppressed much. The entire out of plane bending vibrations are found out of the expected region. This observation obviously shows that the N-H out of plane vibrations are hindering by metal complex vibrations. The entire out of plane vibrational modes are affected by other substitutions in the chain and this is observed from N-H vibrations.
C-N vibrations:
The C-N stretching frequency is rather a tricky assignment since there exists problem in cascading of these frequencies with other vibrations [20] . According to the previous work [21] , the C-N stretching vibrations were found in the region 1386-1266 cm -1 for aromatic amines. In this present work, the C-N Stretching vibrations are observed at 1380, 1310, 1260 and 1190 cm -1 which is making disagreement with the literature [22] by other vibrations which make disagreement with literature values [23, 24] . From these vibrations, it is observed that, the entire vibrations are altered with respect to the metal vibrations, even though the atom is bonded coordinate covalently. So this view ensures that, the metal is strongly bonded with thiourea and the crystal property of the thiourea is enriched by the addition of metal.
C-S vibrations:
The rope connection of thio-cyanate complex is linked through the nitrogen atom or the sulphur atom. This bonding can be easily identified intensively by C-S stretching vibration which appeared in the region 730-690 cm -1 [25] [26] [27] . In this present case, the C-S stretching vibrations are identified at 1240 cm -1 (medium intensity) and 1210 cm -1 (weak intensity) in IR spectrum. The observed bands are in agreement with the expected range and literature [28] . Usually, the C-S in-plane bending vibrations are observed in the region of 440-410 cm -1 [28] . In this metal organic compound, the in-plane bending vibrations are found at 360 and 310 cm -1 and the out-of-plane bending vibrations are found at 140 and 130 cm -1 . These vibrational bands are pulled down to the lower region in the expected range and are due to the Vander Waals coupling of Cd ion.
Cd-Br and Cd-S vibrations:
The BTCB molecule is a metalorganic crystal compound which comprises Cd metal ion linked with bromine atoms by forming coordinate covalent bond. Normally, in cadmium metal complex, the Cd-Br stretching is very important and is usually observed in the region 315-120 cm -1 [29] . In this compound, the coordinate covalent bond stretching vibrations are identified at 500 and 480 cm -1 . The Cd-Br in-plane bending vibrational peaks are appeared at 290 and 270 cm -1 and out-of-plane bending vibrational peaks are appeared at 120 and 110 cm -1 . It is concluded that, the CdBr vibrations are elevated to higher region. This observation clearly shows that the metal-organic inter nuclear distances are made up of coordinate covalent bond and are weak. Usually, these vibrations will not be affected in order to emphasize its uniqueness character.
In BTCB molecule, the organic compound bisthiourea is directly connected through sulphur atom with metal bromide by forming coordinate covalent bond as S-Cd-S. Due to the large force constants and strong covalent bonds, generally, the Cd-S vibrations are pushed to the higher region by organic vibrations. The Cd-S bond is made up of coordinate covalent bond which is a very a weak bond and its vibrations fallback to the Cd-Br vibrations. In this present case, the Cd-S stretching vibrations are observed at 420 and 400 cm 
Frontier molecular analysis
The probable transitions in electronic-vibrational energy levels of frontier molecular orbitals are used to identify the electro-optical properties of the organic compounds. The overlapping of molecular orbitals in bonding and antibonding is used in making the stabilization of orbital [30] . In molecular interaction, there are two important orbitals that involved in interacting with each other. They are HOMO and LUMO. HOMO is the highest energy occupied molecular orbital that represents the ability to donate an electron. LUMO is the lowest energy unoccupied molecular orbital that represents the ability to accept an electron. These orbitals are also called the frontier orbitals. The interaction between them is much stable and is called filled empty interaction. During the interaction, the electron density is generally occupied in the region between two nuclei. The energy of in-phase interaction is greater than the out-of-phase interaction and forms bonding and antibonding molecular orbital.
The 3D view of frontier orbitals in gas is shown in Figure 5 . In the figure, the HOMO is mainly localized over the cadmium, Br, N atoms and C-S group in which the two sigma bond interactions are observed over the C-S of thiourea and one delta bond interaction found over cadmium bromide. The N and Br atoms of the molecule are connected by S orbital lobes. However, LUMO is characterized by a charge distribution that connects the cadmium-bromide atoms and C-S bonds in which there are two sigma and one delta bond 
L-10 1.449 Table 5 : Frontier molecular orbitals with energy levels of Bis (thiourea) Cadmium Bromide (BTCB).
interactions are identified. From this observation, it is inferred that, the in-phase and out-of-phase interactions are present in HOMO and LUMO respectively. The HOMO→LUMO transition implies that an electron density is transferred between cadmium bromide and thiourea separately. Thus, the obtained transitions in the electron clouds of thiourea and metal complex ensure the occurrence of incorporation of physical and chemical properties. The kubo gap energy of the present material is 4.02 eV, which shows moderate electrical activity and effective optical activity.
NMR analysis
Usually, the NMR signals of the compounds explain the chemical environment of the carbons. In this case, the carbons are situated in different environment and proportionately, the chemical properties are obtained alternatively. The chemical shifts of the compound are reported in ppm relative to TMS for 1 H and 13 C NMR spectra and are presented in Table 6 .
In the present compound, the metallo-organic compound has been taken for the study in which the molecule contains two carbons along with two amine groups. The 13 C NMR chemical shift of such two carbons is greater than 100 ppm, as in the expected regions.
In this case, the chemical shift of C3 is 166.03 ppm and that of C4 is 168.92 ppm. Since both the carbons C3 and C4 have similar groups, the chemical shift is same for both. Due to the migration of double bond from C-S to C-N, the chemical shift of both carbons is very high. The chemical shift of Br (2845.51) is finite and apparently high due to the random breaking of proton shield by the fusing of coordinate covalent bond with organic molecules. The chemical shift of H6, H7, H9, H10, H12, H13, H15 and H16 are calculated as 1.86, 2.32, 1.40, 1.60, 1.34, 1.68, 1.86 and 2.15 ppm respectively. From these result, it is observed that, the chemical shift of H7 and H16 are higher than the rest of other hydrogen atoms in the chain. This is purely due to the extended influence on hydrogen atom by nearby bromine atoms. Hence it is concluded that the chemical property of the metal is directly coupled with organic molecules and this shows that the present metal complex molecule have an additional chemical property.
Optical property analysis
The UV and visible spectrum of the compound in gas and different solvents (DMSO, chloroform and CCl 4 ) are calculated at B3LYP/3-21 G (d, p) level using the TD-DFT approach. The calculated excitation energies, oscillator strength (f), wavelength (λ) and spectral assignments are given in Table 7 . The major contributions of the transitions are assigned according to the result of SWizard program [31].
According to TD-DFT calculations, the overall transitions belong to quartz UV region. In gas phase, the strong transition is observed at 654 nm and its oscillator strength is f=0.0061 with energy gap of 1.89 eV. Also in this phase, two more strong transitions are observed at 562 and 557 nm and their corresponding oscillator strengths are f= 0.0037 and 0.0046 with energy gap of 2.20 and 2.22 eV. These transitions are indicated as n → σ* which belongs to the visible region. In this, the band is designated as R-band (German, Radikalartig) which is attributed to the above said transition of chain of chromophoric groups, such as Cadmium bromide group.
From TD-DFT calculations, the following features are inferred. Their molar absorptivities are low. They transferred from hypsochromic to bathochromic shift. In this case, the solvent effect is inactive. The simulated UV-Visible spectra in gas and solvent phase are shown in Figure 6 .
In the case of DMSO solvent, the calculated absorption spectrum indicates that, the maximum absorption wavelength corresponds to the electronic transition and it undergoes from the HOMO+1 to LUMO-1 with maximum contribution. The Frontier molecular orbital diagram is presented in the Figure 7 . Here, the chromophores are cadmium bromide group, the crystal properties are increased in the present compound. In the case of DMSO solvent, strong transitions are observed at 426, 393 and 380 nm and their corresponding oscillator strengths are f=0.0084, 0.0045 and 0.0055 with maximum energy gap 3.25 eV. They are denoted as n → π* transition and belongs to the visible region. One of the electronic transitions is observed at IR region. Hence from gas to solvent, the electronic transitions retained at the visible Table 7 : Theoretical electronic absorption spectra of Bis (thiourea) Cadmium Bromide (BTCB) (absorption wavelength λ (nm), excitation energies E (eV) and oscillator strengths (f)) using TD-DFT/B3LYP/3-21G (d, p) method.
region. This observation clearly indicates that, the present molecule has visible active and it has very high optical properties. Moreover, the optical band gap is calculated as 3.25 eV and this view clearly ensure that the present compound BTCB possess LO as well as NLO properties.
The chemical hardness and potential, electro negativity and Electrophilicity index are calculated and their values are shown in Table 8 . The chemical hardness is a property which has good chemical stability. For the present compound BTCB, the chemical hardness is calculated as 2.00 and so it has high chemical stability. The chemical stability and metal character of the compound is enhanced by substituting the Cd-Br group. Also, the electro negativity of the compound is calculated as 3.74 and this property shows that the chemical bonds in the present molecule will be changed from covalent to ionic. The bonding nature of the present compound is rehabilitated to rich ionic property and this is due to the addition of Cd atom. Electrophilicity index is a factor which is used to measure the energy lowering due to maximal electron flow between donor [HOMO] and acceptor [LUMO] . From the Table 8 , it is found that the Electrophilicity index is 3.48 which is high and this value ensures that the strong energy transformation is taking place between HOMO+1 and LUMO-1. One more important electronic property of the molecule is its dipole moment. Whenever the molecules possess large dipole moment, the intermolecular interactions are very strong. The dipole moment value for the present compound BTCB is calculated as 1.97 Debye. This value is temperate due to the presence of coordinate covalent bond. Hence, the present molecule possesses strong intermolecular interactions.
Molecular Electrostatic Potential (MEP) analysis
The molecular electrostatic potentials have been used for interpreting and predicting the reactive behaviour of a wide variety of chemical systems in both electrophilic and nucleophilic reactions, the study of biological recognition processes and hydrogen bonding interactions [32, 33] . Molecular electrostatic potential (MEP) at a point around a molecule gives an indication of the net electrostatic effect produced at that point by the total charge distribution (electron+nuclei) of the molecule and correlates with dipole moments, electro negatively, partial charges and chemical activity of the molecules. It provides a visual method to understand the relative polarity of the molecule. An electron density iso-surface mapped with electrostatic potential surface depicts the size, shape, charge density and site of chemical reactivity of the molecules. The different values of the electrostatic potential at the surface are represented by different colours; red represents regions of most negative electrostatic potential, blue represents regions of most positive electrostatic potential and green represents regions of zero potential. Potential increases in the order of red<orange<yellow<green<blue. Molecular electrostatic potential view is mapped up at the level of B3LYP/3-21G (d, p) theory with optimized geometry. The colour code of these maps is in the range between -7.86 a.u. (deepest red) to 7.86 a.u. (deepest blue) in compound. The positive (blue) regions of MEP are related to electrophilic reactivity and the negative (green) regions to nucleophilic reactivity as shown in Figure 8 .
From the MEP map of the present compound, the negative regions are mainly localized on cadmium bromide and sulphur atoms. Due to the presence of maximum positive region on the H of NH 2 groups, there exists the possibility of nucleophilic attack in the region. The above calculated results inferred that the metal atoms coupled strongly in the position of organic lattice region.
Polarizability and first order hyperpolarizability calculations
Using DFT-B3LYP method and 3-21 G (d, p) basis set, based on the finite-field approach, NLO properties, binding properties, the polarizabilities and first order hyperpolarizabilities of the title molecule are calculated. These parameters are used to find the relationships between the structures of the molecule.
The mean polarizability (α), anisotropy of polarizability (Δα) and the average value of the first hyperpolarizability β can be calculated using the following equations. A molecule whose dipole moment, molecular polarizability and first hyperpolarizability values are high will have high active NLO properties.
The first hyperpolarizability and their components β x , β y and β z of the present molecule along with related properties such as dipole moment, average polarizability, anisotropy of polarizability are given in Table 9 . In this, the value of dipole moment can be calculated as 4.33 Debye. The dipole moment in the component of μ z is observed as 4.33 D and this value is high. The lowest value of the dipole moment of the molecule compound is μ y component and it is calculated as-0.0089 D. The polarization in different coordinate in the material tuned the optical energy that enters. The calculated value of α=153.47 × 10 -24 esu and Δα=115.41 × 10 −24 esu. In the present molecule, the Polarizability is found to be large in amount. This high value of Polarizability shows that the present molecule is rich in NLO property. So the present metallo-organic compound is clearly optically active. The magnitude of the molecular hyperpolarizability β, is one of the important key factors in a NLO system. Because, hyperpolarizability of a system induces optical modulation inside the material and it also stimulating second order harmonic generation in the lattice site. Using (B3LYP/3-21G(d, p)) method, first hyperpolarizability value is calculated as β=-138.83 × 10 −30 esu. The high value of hyperpolarizability of the title compound emphasize the generation of the second order harmonic generation with more amplitude. So, the present compound is able to prepare the NLO crystals for enriched electronic applications.
Thermodynamic properties analysis
Thermo dynamic properties provide the necessary information regarding the chemical reactivity. Moreover it is used to discuss the existence and alternation of thermodynamic parameters of the present compound since the molecule is a metal-organic substance. The values of some thermodynamic parameters such as standard heat capacities (C Table 10 . On the basis of vibrational analysis, these values were obtained from the theoretical harmonic frequencies. From Table 10 , it can be observed that these thermodynamic functions are increased with temperature ranging from 100 to 1000 K due to the fact that the molecular vibrational intensities increase with temperature. The correlation graph between heat capacities, entropies, enthalpy changes and temperatures were shown in Figure 9 .
From this observation, it is clear that, the dissociation of atoms related to the temperature is increased up to 1000 K and the molecule has positive entropy-coefficient. In the case of thermodynamical analysis of the molecule, the enthalpy of a system due to the production of metal ion and organic interactions is found to be increased with consecutive saturation between the successive temperatures (e.g., 300 K-400 K). At low temperature, it is found that, the specific heat capacity of the present compound falls down rapidly and obeys the Debye T 3 law.
TGA/DTA analysis
The Thermo gravimetric analysis and differential thermal analysis for BTCB have been performed at a heating rate of 10°C/ min in nitrogen and are reported in Figure 10 . In the analytical graph, there are two endothermic peaks which are observed at 199.08°C and 247.66°C. The peaks are observed due to the liberation of bromide and cadmium atoms from the crystal which are due to the weak coordination covalent interaction with thiourea. The formation of the metal complex with thiourea in the inner coordination sphere indicates greater thermal stability of the crystal [34] . The TGA analysis curves show that the occurring of weight loss which is about 81.01% in the temperature range 178-602°C and this is due to the detachment of metal bromide. Table 9 : The dipole moments µ (D), the polarizability α (a.u.), the average polarizability α o (esu), the anisotropy of the polarizability Δα (esu), and the first hyperpolarizability β (esu) of Bis (thiourea) Cadmium Bromide (BTCB) computed at HF & LSDA with 3-21G (d, p) basis sets. 
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Natural Bond Orbital (NBO) analysis
Using DFT/B3LYP level, the Natural Bond Orbital (NBO) calculations are performed in order to understand various second order interactions between the filled orbital of base system and vacant orbital of ligand system and vice versa, which is a measure of the intermolecular delocalization or hyper-conjugation. The NBO investigation facilitates the most accurate possible natural Lewis structure with the orientation of electron density. The useful aspect of the NBO method is that it gives information about interactions of both filled and virtual orbital interactions. In this case, the second-order Fock-matrix is carried out to evaluate the donor-acceptor interactions in the NBO basis. For each donor (i) and acceptor (j), the stabilization energy [E(2)] associated with the delocalization i → j is determined as
where q i is the donor orbital occupancy; ε i , and ε j are the diagonal elements (orbital energies) and F (i, j) is the off-diagonal NBO Fock-matrix clement. In NBO analysis, large value of E(2) shows the intensive interaction between electron-donors and electronacceptors and greater the extent of conjugation of the whole system, the possible intensive interactions are given in Table 11 . The secondorder perturbation theory analysis of Fock-matrix in NBO basis shows strong intra-molecular hyper-conjugative interactions of σ and π electrons. The intra molecular hyper-conjugative interactions are formed by the orbital overlap between the thiourea segments and metal-bromide. Though the metal bromide is connected symmetrically with thiourea by coordinate covalent bond, the strong intra-molecular hyper-conjugative interaction is taking place between the lone pair of S1 and σ of Cd17-Br18 that weakens the respective bonds leading to the stabilization of 6.07 kJ mol -1 . The another intra molecular hyperconjugative interaction is formed by the orbitals of S2-C4 and Cd17-Br (18 and 19) overlap between thiourea and cadmium atom and bond orbital by spending 6.05 kJ mol -1 which results in ICT causing stabilization of metal organic system. Simultaneously, the interaction is taking place between S2-C4 and N11-H (12 and 13) by spending 3.30 kJ mol -1 . This view shows the mutual coupling of thiourea and Cd in left moiety. The same amount of energy has been spent to form the interaction between C-S and Cd in right moiety of the total system. Thus, a strong intra molecular hyper-conjugative interaction has occurred between metal atom and thiourea. From these interactions, it is notable that, in the case of Cd-Br, the electron density move towards Br from Cd by making it positive. In the case of C-S and N-H, Table 11 : Second order perturbation theory analysis of Fock matrix in NBO basis corresponding to the intra-molecular bonds of the Bis (thiourea) Cadmium Bromide (BTCB).
the electron clouds are pulled by C and N by leaving S neutral. The increased electron density at the Br and N atoms leads to the elongation of respective bond length and a lowering of the corresponding stretching modes. The electron density (ED) is transferred from the n(Br) to the anti-bonding of σ* and π* orbital of the BTCB explaining both the elongation and the red shift. This view is strongly validated by Mulliken charge analysis.
Conclusions
FT-IR, FT-Raman, UV, NMR and quantum chemical calculation studies have been performed on Bis Thiourea Cadmium Bromide (BTCB) to identify its structural and spectroscopic properties. A complete vibrational analysis of BTCB was performed with HF and DFT method using 3-21G (d, p) basis set. From the UVVisible spectra, it is monitored that, the entire electronic transitions shifted bathochromically due to the substitutional effect. From the Mulliken charge analysis, the entire charge levels of the molecule are altered on par with due to the substitution. The electrical, optical and bio molecular properties are profoundly investigated using frontier molecular orbital. From NMR analysis, it is concluded that the chemical property of the metal is directly coupled with organic molecules and this shows that the present metal complex molecule have an additional chemical property. The MEP map is performed and from this, the change of the chemical properties of the compound is also discussed. The TGA/DTA curves recorded for the crystal confirmed its thermal stability. The correlations between the statistical thermodynamics and temperature are also obtained. It is seen that the heat capacities, entropies and enthalpies increase with the increasing temperature owing to the intensities of the molecular vibrations increase with increasing temperature. Furthermore, the average Polarizability, the first order hyperpolarizability and total dipole moment of title molecule have been calculated and the results are discussed. These results indicate that the title compound is a good candidate of nonlinear optical materials. In NBO analysis, both filled and virtual orbital interactions are discussed.
